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SUMMARY 

T h e   o b j e c t i v e  of L a n g l e y   R e s e a r c h   C e n t e r ' s   a i r p o r t   c o m m u n i t y   n o i s e   i m p a c t  
model ing  program is  t o   d e v e l o p   t h e   t e c h n o l o g y   f o r   n o i s e   i m p a c t   a s s e s s m e n t   a n d  
m i n i m i z a t i o n   i n   a i r p o r t   c o m m u n i t i e s .   F o c u s   f o r  t h i s  program i s  a n   a i r p o r t  
communi ty   computer   s imula t ion   model   ca l led  ALAMO ( A i r p o r t - n o i s e   L e v e l s   a n d  
Annoyance  Model)  which i s  c a p a b l e   o f   o v e r l a y i n g   d i s t r i b u t i o n s   o f   a i r c r a f t   n o i s e  
l e v e l  ( f o o t p r i n t s )   o n   t h e   p o p u l a t i o n   d i s t r i b u t i o n s   o f   a n y  U.S. a i r p o r t  commu- 
n i t y .   R e c e n t l y   d e v e l o p e d   p s y c h o p h y s i c a l   r e l a t i o n s h i p s   b e t w e e n   n o i s e   e x p o s u r e  
l e v e l   a n d   s u b j e c t i v e   r e s p o n s e  a r e  t h e n   i n v o k e d   t o   p r e d i c t   t h e   o v e r a l l   i m p a c t   o f  
a i r p o r t   n o i s e   o n   t h e   s u r r o u n d i n g   c o m m u n i t y ,   b a s e d   o n   t h e   n u m b e r   o f   i n d i v i d u a l s  
e x p o s e d   t o   v a r i o u s  l eve l s  o f   n o i s e .   O u t p u t s   o f   t h e   p r o g r a m   i n c l u d e  a p r e d i c -  
t i o n   o f   t h e  number of  r e s i d e n t s   e x p e c t e d   t o   b e   " h i g h l y   a n n o y e d "   w i t h   t h e  
a i r p o r t   n o i s e ,   a s  well as s e v e r a l   d e m o g r a p h i c   v a r i a b l e s   l i s t e d  as a f u n c t i o n   o f  
n o i s e   l e v e l ,   i n c l u d i n g   p o p u l a t i o n ,   p o p u l a t i o n   d e n s i t y ,   a n d   p o p u l a t i o n   g r o w t h  
r a t e .  The ALAMO m o d e l   c a n   b e   u s e d   t o   q u a n t i f y   t h e   d e g r e e   o f   n o i s e   i m p a c t  
r e d u c t i o n   w h i c h   c a n   b e   a c h i e v e d   b y   v a r i o u s   c a n d i d a t e   n o i s e   a b a t e m e n t   s t r a t e g i e s .  
For   example ,  a number   o f   runway   s e l ec t ion   a l t e rna t ives   migh t   be   compared   w i th  
t h e   i m p o s i t i o n  o f  a n i g h t   c u r f e w   t o  see w h i c h   s t r a t e g y   r e s u l t s   i n   t h e   g r e a t e s t  
r e d u c t i o n   o f   h i g h l y   i m p a c t e d   r e s i d e n t s .   I n  a similar m a n n e r ,   v a r i o u s   f l e e t  
m i x   a n d   l a n d - u s e   a l t e r n a t i v e s   c a n   b e   a s s e s s e d   t o   d e t e r m i n e   w h i c h   h a s   t h e  
g r e a t e s t   p o t e n t i a l   f o r   a l l e v i a t i n g   n o i s e   i m p a c t .   S i n c e   e a c h   n o i s e   a b a t e m e n t  
s t r a t e g y  w i l l  have  a c o s t   a s s o c i a t e d   w i t h  i t ,  t h e  ALAMO model c.an b e   u s e d   t o  
d e t e r m i n e   a n   a p p r o p r i a t e   d i s t r i b u t i o n  of l i m i t e d   a i r p o r t   n o i s e   a b a t e m e n t  
r e s o u r c e s .  

I n   t h i s   p a p e r ,   t h e   e f f e c t s   o f   v a r i o u s   a e r o n a u t i c a l ,   o p e r a t i o n a l ,   a n d   l a n d -  
u s e   n o i s e   i m p a c t   r e d u c t i o n   a l t e r n a t i v e s  a r e  a s s e s s e d   f o r  a major   midwes tern  
a i r p o r t .   S p e c i f i c a l l y ,   t h e   r e l a t i v e   e f f e c t i v e n e s s  of  add ing   sound   abso rb ing  
m a t e r i a l   t o   a i r c r a f t   e n g i n e s ,   i m p o s i n g   c u r f e w s ,   a n d   t r e a t i n g   h o u s e s   w i t h  
a c o u s t i c   i n s u l a t i o n  i s  examined. 

I N T R O D U C T I O N  

C o n c e r n   f o r   t h e   i m p a c t   o f   n o i s e   o n   a i r p o r t   c o m m u n i t i e s   r e p r e s e n t s  a major  
imped imen t   t o   t he   g rowth   and   deve lopmen t   o f   commerc ia l   av i a t ion ,   bo th   i n   t he  
U n i t e d   S t a t e s   a n d   a b r o a d .   N o i s e   e f f e c t s   a r e   l a r g e l y   r e s p o n s i b l e   f o r   t h e   f a c t  
t h a t ,   i n   t h e   U n i t e d   S t a t e s ,  n o   c o n s t r u c t i o n   h a s   b e e n   i n i t i a t e d   f o r  new j e t  
a i r p o r t s   t o  serve m a j o r   m e t r o p o l i t a n   c o m m u n i t i e s  i n  a decade   even   t hough   t he  
demand f o r  a i r  t r a n s p o r t a t i o n  has g r o w n   d r a m a t i c a l l y   i n   t h e  same p e r i o d .  



Figure (1) illustrates  the  growth  in passenger-h/yr (mi/yr) in the United 
States  since  1950,  with the  current  trend  extrapolated to 1990 (ref. 1). The 
increased  demand for air carrier  service  has been  partially  absorbed  through 
increased operations  at established  airports. Residents of  the more  severely 
impacted airport communities have organized  themselves  politically  in order to 
impose  various noise  abatement  operating constraints  on  the  airports serving 
their  communities. Figure 2 illustrates the  trend  toward  increased operating 
constraints  at airports worldwide.  If  the historical trend  of  increasing 
air  carrier  demand  continues as expected, the  trend  toward more tightly 
constrained  operations can  also be  expected  to  continue. 

In addition to constraints on airport  operating  procedures which might 
take  the form of night  curfews, takeoff  and  landing  profile restrictions, or 
restrictions  on ground  tracks,  other abatement  countermeasures  are also  of 
interest to airport  operator  and  community  planners. These  nonoperational 
countermeasures can  be classified as either aeronautical  countermeasures or 
land-use  countermeasures. Aeronautical  countermeasures  involve the development 
and  implementation  of source noise suppression technology to reduce  noise  levels 
emanating  from  the jet engines. Available technology options  include  new  fan 
designs, acoustic liners,  engine  inlet  designs, and internal flow  mixers 
(ref. 2). Land-use countermeasures  include zoning restrictions to discourage 
future  residential construction in the airport  vicinity,  relocation of 
residents  out of highly  impacted areas, and insultation of  impacted homes to 
provide noise relief. 

The task of developing an effective  noise  abatement strategy  is  complicated 
by difficulties in defining  quantitatively  the degree of noise  relief  which  is 
afforded by a  particular  countermeasure. Furthermore,  the  noise relief which 
a  particular  countermeasure  provides can be much different for  one  airport  than 
for another.  For example, a  takeoff procedure which  involves  a large  cutback 
in  thrust soon after  takeoff will provide  greater  relief  in  communities with 
higher  population densities near  the airport than  in communities  with  higher 
population densities further from the  airport. 

This paper  describes  the implementation of an assessment  methodology  which 
permits  the  quantitative  assessment of a  variety of noise  abatement  options on 
an airport-specific  basis. The  assessment  method,  which is  implemented in a 
computerized  community response  model called  the  Airport-noise Levels and 
Annoyance Model (ALAMO), is  demonstrated  for  the case of  a major  midwestern 
airport. Several  potential aeronautical,  operational, and  land-use counter- 
measures  are evaluated  for  this airport. 

IMPACT  ASSESSMENT METHODOLOGY 

The  Fractional Impact  Method of assessing community response to airport 
noise is  used in the  impact assessments described  in  this  paper. This method 
expresses noise impact  in  terms  of  the  number  of  people  exposed to noise of  a 
particular level, in the following  way:  The number  of people exposed to a 
particular noise  level is  multiplied by a dimensionless weighting  function 
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w h i c h   d e p e n d s   o n   t h a t   n o i s e   l e v e l .   T h e   w e i g h t i n g   f u n c t i o n  is  based   on  
S c h u l t z ' s   r e l a t i o n s h i p   b e t w e e n  human s u b j e c t i v e   r e s p o n s e   t o   n o i s e   ( p e r c e n t  
" h i g h l y   a n n o y e d " )   a n d   n o i s e   l e v e l  as d e s c r i b e d   b y   t h e  Ldn metric ( r e f .  3 ) .  

T h e   w e i g h t i n g   f u n c t i o n  i s  o b t a i n e d   b y   n o r m a l i z i n g   t h e   S c h u l t z   d o s e - r e s p o n s e  
t r a n s f e r   f u n c t i o n   t o   u n i t y  a t  75 L a n d   r e p r e s e n t s   t h e   " f r a c t i o n   o f  i m p a c t "  

a s s o c i a t e d   w i t h   v a r i o u s   n o i s e   l e v e l s ,   a s s u m i n g   a n   i m p a c t   o f  100 p e r c e n t  a t  
75  Ldn ( f i g .  3 ) .  T h e   p r o d u c t   o f   t h i s   l e v e l - d e p e n d e n t   w e i g h t i n g   f u n c t i o n   a n d  

t h e  number   o f   peop le   exposed   t o   each   no i se   l eve l  i s  summed f o r  a l l  n o i s e   l e v e l s  
i n   t h e   a i r p o r t  c o m m u n i t y ,   r e s u l t i n g   i n  a q u a n t i t y   c a l l e d   t h e   l e v e l   w e i g h t e d  
p o p u l a t i o n ,   w h i c h   e x p r e s s e s   n o i s e  i m p a c t  i n  terms o f   b o t h   n o i s e  level  
( i n t e n s i t y )   a n d   p o p u l a t i o n   e x p o s e d   ( e x t e n s i t y ) .  

dn 

Working  Group 69  o f   t h e   N a t i o n a l   R e s e a r c h   C o u n c i l ' s   C o m m i t t e e   o n   H e a r i n g ,  
B ioacous t i c s ,   and   B iomechan ics   (CUBA)   deve loped   t he   l eve l   we igh ted   popu la t ion  
concep t  as i t  i s  u s e d   i n   t h i s  p a p e r  and   has   r ecommended   t h i s   concep t   fo r  
q u a n t i f y i n g   n o i s e   i m p a c t   i n   t h e i r   " G u i d e l i n e s   f o r   P r e p a r i n g   E n v i r o n m e n t a l  I m p a c t  
S t a t e m e n t s   o n   N o i s e "   ( r e f .  4 ) ,  p r e p a r e d   a t   t h e   r e q u e s t   o f   t h e   E n v i r o n m e n t a l  
P r o t e c t i o n   A g e n c y .   A l s o   d e s c r i b e d   i n   r e f e r e n c e  4 i s  a second   no i se   impac t  
d e s c r i p t o r   c a l l e d   t h e   N o i s e   I m p a c t   I n d e x   ( N I I ) ,   w h i c h  i s  d e f i n e d   a s   t h e   r a t i o  
o f   t h e   l e v e l   w e i g h t e d   p o p u l a t i o n   ( d e s c r i b e d   a b o v e )   t o   t h e   t o t a l   i m p a c t e d  
popu la t ion .   The  N I I  i s  a u s e f u l  measure f o r   c o m p a r i n g   t h e   n o i s e   i m p a c t   i n  
c o m m u n i t i e s   w i t h   d i f f e r e n t   n u m b e r s   o f   i m p a c t e d   r e s i d e n t s .  

IMPLEMENTATION OF ASSESSMENT METHODOLOGY 

The i d e a   t h a t   c o m m u n i t y   r e s p o n s e   t o   n o i s e   s h o u l d   b e   d e s c r i b e d   i n  terms of 
n o i s e   l e v e l   a n d   p o p u l a t i o n   e x p o s e d  i s  n o t   n e w .   E a r l y   a p p l i c a t i o n s   o f   t h e  
f r a c t i o n a l   i m p a c t   c o n c e p t  a r e  d e s c r i b e d   i n   r e f e r e n c e  5 for  example.   Even 
t h o u g h   t h e   b a s i c   c o n c e p t  i s  n o t  new, a p r a c t i c a l  means f o r   r o u t i n e l y   p e r f o r m i n g  
f r a c t i o n a l   i m p a c t   c a l c u l a t i o n s   h a s   h a d   t o  a w a i t  t h r e e   t e c h n i c a l   d e v e l o p m e n t s ,  
two   o f   wh ich   have   occu r red   on ly   r ecen t ly .  

The f i r s t  o f   t h e s e   d e v e l o p m e n t s   h a s   t o   d o   w i t h   d e s c r i b i n g   n o i s e   l e v e l s  a t  
a r b i t r a r y   l o c a t i o n s   w i t h i n   a n   a i r p o r t   c o m m u n i t y .   M e t h o d s   f o r   p e r f o r m i n g   t h i s  
t a s k   h a v e   b e e n   a v a i l a b l e   f o r   s e v e r a l   y e a r s   a n d   i n v o l v e   t h e   c o m b i n i n g   o f  a i r -  
c r a f t   s o u r c e   n o i s e   a n d   p e r f o r m a n c e   d a t a   w i t h   n o i s e   p r e d i c t i o n   m e t h o d o l o g y   t o  
g e n e r a t e   c o n t o u r s   o f   c o n s t a n t   n o i s e   e x p o s u r e   a r o u n d   a n   a i r p o r t   ( r e f s .  6 and 7 ) .  

T h e   s e c o n d   t e c h n i c a l   d e v e l o p m e n t   t o   f a c i l i t a t e   a p p l i c a t i o n s   o f   t h e  
f r a c t i o n a l   i m p a c t   m e t h o d   i n v o l v e s   t h e   r e c e n t   i n t r o d u c t i o n   o f   c e n s u s   d a t a   b a s e  
management  computer  programs  which  provide a c o s t - e f f e c t i v e  means   o f   ob ta in ing  
t h e   d e m o g r a p h i c   i n f o r m a t i o n   r e q u i r e d   i n   f r a c t i o n a l   i m p a c t   c a l c u l a t i o n s .   B e f o r e  
s u c h   c e n s u s   d a t a  w e r e  a v a i l a b l e   i n   m a c h i n e   r e a d a b l e   f o r m a t s ,   t h e   d e m o g r a p h i c  
d a t a   h a d   t o   b e   a c q u i r e d  by t ed ious   manua l   t echn iques ,   wh ich  were c o s t l y   a n d  
time consuming. Now t h e   p o p u l a t i o n   w i t h i n  a n o i s e   c o n t o u r   o f   e s s e n t i a l l y  
a r b i t r a r y   s i z e   a n d   s h a p e   c a n   b e   d e t e r m i n e d   q u i t e   e a s i l y   f o r   a n y   a i r p o r t  commu- 
n i t y   i n   t h e   U n i t e d   S t a t e s ,   w i t h  a r e s o l u t i o n   a p p r o a c h i n g   h a l f  a s q u a r e  mile i n  
d e n s e l y   p o p u l a t e d  areas ( r e f .  8 ) .  
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The t h i r d   a n d   f i n a l   t e c h n i c a l   d e v e l o p m e n t   t o  f a c i l i t a t e  r o u t i n e   a p p l i -  
c a t i o n s   o f   t h e   f r a c t i o n a l   i m p a c t   m e t h o d  is S c h u l t z ' s   i d e n t i f i c a t i o n   o f  a 
s t a b l e   r e l a t i o n s h i p   b e t w e e n   n o i s e  l e v e l  and human s u b j e c t i v e   r e s p o n s e  as  
d e s c r i b e d   i n   t h e   p r e v i o u s   s e c t i o n .   T h e   w e i g h t i n g   f u n c t i o n   u s e d   t o   d e t e r m i n e  
t h e   " f r a c t i o n   o f   i m p a c t "   a s s o c i a t e d   w i t h  a g i v e n   n o i s e   l e v e l  i s  b a s e d   o n   t h i s  
r e c e n t l y   d e v e l o p e d   n o i s e   d o s e - r e s p o n s e   r e l a t i o n s h i p .  

T h e   t h r e e   m a j o r   c o m p o n e n t s   r e q u i r e d   t o  assess a i r p o r t  communi ty   no ise  
i m p a c t   v i a   t h e   f r a c t i o n a l   i m p a c t   m e t h o d ,   n a m e l y ,  a c o m m u n i t y   n o i s e   p r e d i c t i o n  
program, a c e n s u s   d a t a   b a s e   m a n a g e m e n t   p r o g r a m ,   a n d   t h e   S c h u l t z   d o s e - r e s p o n s e  
t r a n s f e r   f u n c t i o n ,   h a v e   r e c e n t l y   b e e n   i n c o r p o r a t e d   i n t o   a n   a i r p o r t   c o m m u n i t y  
n o i s e   i m p a c t   a s s e s s m e n t   m o d e l   c a l l e d  ALAMO ( A i r p o r t - n o i s e  Levels and  Annoyance 
M o d e l )   ( r e f .  9 ) .  The ALAMO i s  a c o m p u t e r i z e d   i m p l e m e n t a t i o n   o f   t h e   f r a c t i o n a l  
impact   method  which   can   be   used   to  assess n o i s e   i m p a c t   f o r   a n y   a i r p o r t   c o m m u n i t y  
i n   t h e   U n i t e d  S t a t e s .  (Assessments  a r e  l i m i t e d   t o  U . S .  a i r p o r t s   o n l y   b e c a u s e  
t h e   d e m o g r a p h i c   d a t a   b a s e   b u i l t   i n t o  ALAMO is  based  on U.S. c e n s u s   d a t a . )  
ALAMO r e p o r t s   t h e  number  of   people   impacted a s  a f u n c t i o n   o f   n o i s e  l e v e l ,  t h e  
number p r e d i c t e d   t o   b e   " h i g h l y   a n n o y e d "  (v ia  t h e   S c h u l t z   d o s e - r e s p o n s e   t r a n s f e r  
f u n c t i o n ) ,   t h e   l e v e l   w e i g h t e d   p o p u l a t i o n ,   a n d   t h e   N o i s e   I m p a c t   I n d e x .  I n  
a d d i t i o n ,   c o m p l e t e   d e m o g r a p h i c   p r o f i l e s  a re  g e n e r a t e d   w h i c h   c o n t a i n  several  
q u a n t i t i e s   o f   i n t e r e s t   t o   n o i s e   c o n t r o l   p l a n n e r s ,   s u c h  a s  d i s t r i b u t i o n s   o f   a g e ,  
p r o p e r t y   v a l u e s ,   h o m e o w n e r s ,   r e n t e r s ,   s i n g l e - f a m i l y   d w e l l i n g s ,   a n d   a p a r t m e n t  
b u i l d i n g s .   O t h e r   d e m o g r a p h i c   v a r i a b l e s  a re  a l s o   a v a i l a b l e   w h i c h ,   w h i l e   n o t   o f  
d i r e c t   i n t e r e s t   i n  a n o i s e  i m p a c t  a n a l y s i s ,  may p r o v i d e   i n s i g h t   i n t o   t h e  
p r e v a i l i n g   a t t i t u d e   o f   t h e   i m p a c t e d   p o p u l a t i o n   t o w a r d   t h e   a i r p o r t .   F a m i l y  
i n c o m e ,   e t h n i c   o r i g i n ,   o c c u p a t i o n ,   a n d   e d u c a t i o n a l   l e v e l  a re  examples   o f   such  
v a r i a b l e s .  ALAMO g e n e r a t e s   r e p o r t s   w h i c h   d i s p l a y   d e m o g r a p h i c   v a r i a b l e s   a n d  
t h e   r e s u l t s   o f   n o i s e   i m p a c t   c a l c u l a t i o n s   a s  a f u n c t i o n   o f   n o i s e   l e v e l   f o r   t h e  
community as a w h o l e   a n d   f o r   e a c h   o f   e i g h t   o c t a n t s   d e f i n e d  by s u p e r i m p o s i n g  
a n   o c t a n t   c o m p a s s   r o s e   o v e r   t h e   n o i s e   f o o t p r i n t ,   c e n t e r e d  a t  t h e   a i r p o r t .  
Thus,  i t  i s  p o s s i b l e   t o   d e t e r m i n e   t h e  number o f   r e s i d e n t s   l i v i n g   t o   t h e   n o r t h -  
n o r t h e a s t   o f   t h e   a i r p o r t  who  own t h e i r  own homes  and who are  e x p o s e d   t o   n o i s e  
l e v e l s   b e t w e e n  60 and 65 L f o r   e x a m p l e .  dn ' 

The ALAMO h a s   r e c e n t l y   b e e n   u s e d   t o  assess b o t h   t h e   c u r r e n t   o p e r a t i n g  
s c e n a r i o   a n d  a number of h y p o t h e t i c a l   n o i s e   a b a t e m e n t   s c e n a r i o s  a t  a n   e x i s t i n g  
l a r g e   a i r p o r t .  R e s u l t s  o f  t h i s   a s s e s s m e n t  a r e  p r e s e n t e d   i n   t h e   n e x t   s e c t i o n .  

B a s e l i n e   O p e r a t i n g   S c e n a r i o  

Most  of t h e   o p e r a t i o n s   i n f o r m a t i o n ,   u p o n   w h i c h   t h e   i m p a c t   a s s e s s m e n t   i n  
t h i s   e x a m p l e  i s  b a s e d ,   c a n   b e   f o u n d  i n  d r a f t   a n d   f i n a l   E n v i r o n m e n t a l   I m p a c t  
S t a t e m e n t s   f o r   t h e   a i r p o r t   ( r e f s .  10 and ll), r e q u i r e d   b e c a u s e   o f   p l a n s   t o  
e x t e n d  i t s  t w o   m a j o r   p a r a l l e l   r u n w a y s .   O p e r a t i o n s   i n f o r m a t i o n   f o u n d   i n   t h e  
E I S  was a u g m e n t e d   b y   i n f o r m a t i o n   o b t a i n e d   f r o m   c u r r e n t   f l i g h t   s c h e d u l e s   a n d  
f r o m   d i s c u s s i o n s   w i t h   c o n t r o l   t o w e r   p e r s o n n e l   a t   t h e   a i r p o r t .  

The ALAMO requires t h a t   t h e   o p e r a t i n g   s c e n a r i o   f o r   t h e   a i r p o r t   u n d e r   s t u d y  
b e   d e s c r i b e d   i n  terms o f   f o u r   t y p e s   o f   i n f o r m a t i o n :   r u n w a y   d e s c r i p t i o n s ;  



t a k e o f f   a n d   l a n d i n g   p r o f i l e   d e s c r i p t i o n s ;   g r o u n d   t r a c k   d e s c r i p t i o n s ;   a n d  
d e s c r i p t i o n s   o f  the o p e r a t i o n s   s c h e d u l e  i n  terms of  the number of o p e r a t i o n s  
by a i r c r a f t   t y p e ,  t i m e  o f   d a y ,   s t a g e   l e n g t h   ( f o r   t a k e o f f s ) ,   g r o u n d   t r a c k s ,   a n d  
p r o f i l e s .   T h e   r u n w a y   d e s c r i p t i o n s  are s t r a i g h t f o r w a r d   a n d   s i m p l y   i n v o l v e  
r e c o r d i n g   t h e   l e n g t h   a n d   o r i e n t a t i o n   o f   e a c h   o f  the runways .   These   da t a  were 
o b t a i n e d   f r o m  the A i r p o r t   L a y o u t   P l a n   ( r e f .   1 0 )   ( f i g .  4 ) .  The   t akeof f  
p r o f i l e s   f o r   t h i s   a i r p o r t  were mode led   a f t e r   r ecommenda t ions   i n  FAA Advisory  
C i r c u l a r  91-39 ( u p d a t e d   b y   r e f .   1 2 )  which d e f i n e s  a s t a n d a r d   t a k e o f f   p r o c e d u r e  
c a l l i n g   f o r  a r e d u c t i o n   f r o m   t a k e o f f   t h r u s t   t o  maximum c l i m b   t h r u s t   b e f o r e   f l a p  
r e t r a c t i o n   ( c l e a n u p ) .  Ground t r a c k s   p r e s e n t e d   i n   t h e   d r a f t  E I S  ( r e f .   1 0 )  were 
u s e d   i n   t h e   p r e s e n t   i m p a c t   a s s e s s m e n t   ( f i g .  5 ) .  

The ALAMO r e q u i r e s   t h a t   f l i g h t   o p e r a t i o n s   b e   d e f i n e d   i n  terms o f   t h e  
number   o f   opera t ions   o f   each  a i r c r a f t  type   wh ich   occu r   on   each   g round   t r ack  
as  a f u n c t i o n   o f  t i m e  o f   day   (day   o r   n igh t )   and   s t age   l eng th .   The  E I S  d i d   n o t  
c o n t a i n   o p e r a t i o n s   d a t a   w i t h   q u i t e   t h i s   l e v e l  o f  d e t a i l ,   a l t h o u g h   e n o u g h  
i n f o r m a t i o n  w a s  p r o v i d e d   t o   d e v e l o p   a n   a p p r o x i m a t e   m o d e l   o f   t h e   o p e r a t i n g  
s c h e d u l e ,   w i t h   a u g m e n t a t i o n s   f r o m   a i r l i n e   f l i g h t   s c h e d u l i n g   i n f o r m a t i o n .  
P e r c e n t a g e  u s e  rates g i v e n   i n   t h e  E I S  f o r   e a c h   g r o u n d   t r a c k  were m u l t i p l i e d  
by t h e  number  of d a i l y   o p e r a t i o n s   g i v e n   f o r   e a c h   a i r c r a f t   t y p e   i n   o r d e r   t o  
d e f i n e   t h e  n u m b e r   o f   e a c h   a i r c r a f t  t y p e  t o   a s s i g n   t o   e a c h   t r a c k .   T h e s e  p e r  
t r a c k   o p e r a t i o n s  were f u r t h e r   d i v i d e d   i n t o   d a y  ( 7  a . m .  t o  10  p .m.)   and   n ight  
(10 p.m. t o  7 a . m . )   o p e r a t i o n s   a c c o r d i n g   t o   t h e   f o l l o w i n g   d i s t r i b u t i o n ,   g i v e n  
i n  E I S :  

E2 Night  

A i r  Carrier 90% 10% 
Commuter 68 .9% 31.1% 
G e n e r a l   A v i a t i o n  93.4% 6.6% 

S t a g e   l e n g t h   d i s t r i b u t i o n s   f o r   d e p a r t i n g   a i r c r a f t   w e r e   n o t   g i v e n   i n   t h e  E I S ,  
b u t  estimates were   made   o f   t he   number   o f   depa r tu re s   by   s t age   l eng th   based   on  
a i r l i n e   s c h e d u l i n g   i n f o r m a t i o n   ( r e f .   1 3 ) .  A p e r c e n t a g e   d i s t r i b u t i o n   o f  
t a k e o f f   o p e r a t i o n s  by s t a g e   l e n g t h  w a s  c o n s t r u c t e d   f r o m   t h i s   i n f o r m a t i o n   a n d  
a p p l i e d   t o   t h e   p e r   t r a c k   d a y   a n d   n i g h t   o p e r a t i o n s ,   w i t h   a l t e r a t i o n s   t o   i n s u r e  
t h a t   a i r c r a f t   t y p e s   w i t h   t a k e o f f   r o l l   l e n g t h s   t o o   l o n g   t o  u s e  o the r   runways  
were a s s i g n e d   t o   t h e   l o n g e s t   r u n w a y .   T h e   r e s u l t   o f   t h i s   o p e r a t i o n s   d e f i n i t i o n  
e x e r c i s e  was a t a b l e  of t h e  n u m b e r   o f   e a c h   a i r c r a f t  t y p e  a s s i g n e d   t o   e a c h  
g r o u n d   t r a c k  as a f u n c t i o n   o f  time o f   d a y   a n d   t a k e o f f   s t a g e   l e n g t h .  

R e s u l t   o f   t h e   B a s e l i n e  Impac t  Assessment 

D e m o g r a p h i c   r e p o r t s   a n d   f r a c t i o n a l  impac t  r e p o r t s  were p r o d u c e d   f o r   t h e  
a i r p o r t  community as a w h o l e   a n d   f o r   e a c h   o f   t h e   e i g h t   o c t a n t s   a r o u n d   t h e  
a i r p o r t   d e f i n e d  by o v e r l a y i n g   a n   o c t a n t   c o m p a s s   r o s e ,   c e n t e r e d   o n   t h e   a i r p o r t .  
The  compass   rose t h u s  d i v i d e d   t h e   c o m m u n i t y   i n t o   t h e   n o r t h - n o r t h e a s t  (NNE), 
e a s t - n o r t h e a s t  (ENE), ea s t - sou theas t   (ESE) ,   sou th - sou theas t   (SSE) ,   sou th -  
sou thwes t  (SSW), wes t - sou thwes t  (WSW), wes t -no r thwes t  (W), and   no r th -  
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n o r t h w e s t  (NNW) o c t a n t s .   F i g u r e  6 p r e s e n t s   t h e  number   o f   people   exposed   to  
a i r p o r t   n o i s e   l e v e l s   i n   e x c e s s  of 55 L a n d   i n c l u d e s   t h e   l e v e l   w e i g h t e d  

popula t ion   and   the   number  of p e o p l e   p r e d i c t e d   t o   b e   h i g h l y   a n n o y e d   b y   t h e  
a i r c r a f t   n o i s e ,  a l l  as a f u n c t i o n  of  community l o c a t i o n ,   b y   o c t a n t .   F i g u r e  7 
p r e s e n t s   t h e   c o r r e s p o n d i n g   N o i s e   I m p a c t   I n d e x   a n d   p e r c e n t   h i g h l y   a n n o y e d   d a t a .  
It i s  i n t e r e s t i n g   t o   n o t e  t ha t  t h e   o c t a n t s   w h i c h  a re  mos t   s eve re ly   impac ted  
(wes t - sou thwes t   and   no r th -nor thwes t )   con ta in   t he   f ewes t   peop le .   Th i s   sugges t s  
t h a t   e i t h e r   t h e   a i r p o r t   n o i s e   d i s t r i b u t i o n   a f f e c t s   t h e   p o p u l a t i o n   d i s t r i b u t i o n  
a r o u n d   t h e   a i r p o r t ,   w i t h   f e w e r   p e o p l e   c h o o s i n g   t o  l i v e  i n   t h e   h i g h e r   i m p a c t e d  
areas,  o r   t h a t   t h e   c u r r e n t   a i r p o r t   f l i g h t   t r a c k s   a v o i d   t h e  most   populated 
areas. 

dn  ' 

F i g u r e s  8 t o   1 0   i l l u s t r a t e  how p o p u l a t i o n   d e n s i t y ,   p o p u l a t i o n   g r o w t h  ra te ,  
and   ave rage  home v a l u e s   v a r y  as  a f u n c t i o n  o f  n o i s e   l e v e l   i n   t h e   a i r p o r t  
communi ty .   The   popu la t ion   dens i ty   da t a  a re  b a s e d   o n   1 9 7 7   p o p u l a t i o n   f i g u r e s  
and   the   g rowth  r a t e  d a t a   r e p r e s e n t   a v e r a g e   a n n u a l   p e r c e n t a g e   g r o w t h  ra tes  from 
1970  to   1977.   The   average  home v a l u e   f i g u r e s  a re  f rom  1970   census   da t a .   The  
p r e c i s i o n   o f   t h e s e   d e m o g r a p h i c   d a t a   c a n   b e   q u e s t i o n e d   b e c a u s e   o f   t h e   a s s u m p -  
t i o n s   w h i c h   m u s t   n e c e s s a r i l y   b e  made a b o u t   t h e   a i r c r a f t   a n d   a i r p o r t   o p e r a t i n g  
s c e n a r i o  when c o m p u t i n g   t h e   n o i s e   c o n t o u r s   u s e d   t o   b o u n d   t h e   a i r p o r t   c o m m u n i t y  
r e s i d e n t s   c o u n t e d   i n   t h e s e   d a t a .   F u r t h e r m o r e ,   t h e   a v e r a g e  home v a l u e s  
p r e s e n t e d   i n   f i g u r e  1 0  r e p r e s e n t  1970  p r i c e   l e v e l s ,   w h i c h  are  n o t   r e l e v a n t  
today.   However ,  i t  i s  t h e   t r e n d   o f   t h e   d a t a   t h a t  i s  o f   i n t e r e s t ,   r a t h e r   t h a n  
t h e   a b s o l u t e   v a l u e s   o f   t h e   n u m b e r s .  

T h e   d a t a  i n  f i g u r e  8 i n d i c a t e  a maximum p o p u l a t i o n   d e n s i t y   i n   t h e  65 t o  
70 Ldn b a n d ,   w i t h  a d e c r e a s e   i n   p o p u l a t i o n   d e n s i t y   b o t h  as  t h e   a i r p o r t  i s  

a p p r o a c h e d   ( i n c r e a s i n g   n o i s e   l e v e l s )   a n d  as  t h e   d i s t a n c e   f r o m   t h e   a i r p o r t   g e t s  
l a r g e r   ( d e c r e a s i n g   n o i s e   l e v e l ) .   T h i s  i s  c o n s i s t e n t   w i t h  a g e n e r a l   t r e n d  
r e p o r t e d   i n   r e f e r e n c e  1 4  f o r   a i r p o r t   c o m m u n i t i e s   o f   t h i s   s i z e .  

The  growth ra te  d a t a   i n   f i g u r e  9 i n d i c a t e  a g e n e r a l   d e c l i n e   i n   t h e  
p o p u l a t i o n   r e s i d i n g   i n s i d e  t h e  55 Ldn con tour .   Whi l e   t he   g rowth  r a t e  i s  

n e g a t i v e   f o r  a l l  t h e   n o i s e   b a n d s   p r e s e n t e d ,   t h e   t r e n d  i s  f o r  a g r e a t e r   d e c l i n e  
i n   p o p u l a t i o n   i n   t h e   h i g h e r   i m p a c t e d   n e i g h b o r h o o d s   t h a n   i n   n e i g h b o r h o o d s  
r e c e i v i n g  less i m p a c t .  

Average home v a l u e s   a l s o   e x h i b i t  a d e c l i n i n g   t r e n d   w i t h   i n c r e a s i n g   n o i s e  
l e v e l   ( f i g .  1 0 ) .  I t  s h o u l d   b e   n o t e d ,   h o w e v e r ,   t h a t   t r e n d s   i n   s u c h   p a r a m e t e r s  
as  a v e r a g e  home v a l u e s   a n d   p o p u l a t i o n   g r o w t h  r a t e  s h o u l d   n o t   b e   a s s o c i a t e d  
e x c l u s i v e l y   w i t h   t h e   i n f l u e n c e   o f   a i r p o r t   n o i s e   s i n c e  many o t h e r   f a c t o r s   o f  
c o u r s e   p l a y  a r o l e   i n   d e t e r m i n i n g   t h e s e   t r e n d s .  

EVALUATION OF HYPOTHETICAL NOISE IMPACT  COUNTERMEASURES 

T h e   p r e v i o u s   s e c t i o n   p r e s e n t e d   t h e  r e s u l t s  of a no i se - impac t   a s ses smen t  
based   on  a m o d e l   o f   t h e   c u r r e n t   o p e r a t i n g   s c e n a r i o  a t  a l a r g e   m i d w e s t e r n  
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a i r p o r t .  It  i s  n o t   n e c e s s a r y   t o  l i m i t  s u c h   a n   a s s e s s m e n t   e x e r c i s e   t o   t h e  
c u r r e n t   o p e r a t i n g   s c e n a r i o ,   h o w e v e r .   A l t e r n a t e   s c e n a r i o s ,   i n c l u d i n g   t h o s e  
which may h a v e   t h e   p o t e n t i a l   f o r   r e d u c i n g   n o i s e   i m p a c t ,   c a n   b e   m o d e l e d  as w e l l .  
The re la t ive  e f f e c t i v e n e s s   o f  several h y p o t h e t i c a l   n o i s e   a b a t e m e n t   s t r a t e g i e s  
c a n   t h u s   b e   r e a d i l y   d e t e r m i n e d .  A number of s u c h   n o i s e   a b a t e m e n t   c o u n t e r -  
measures   have   been   modeled   and  are p r e s e n t e d   i n   t h i s   s e c t i o n .  

D e s c r i p t i o n   o f   C o u n t e r m e a s u r e s  

Seven   no i se   aba temen t   coun te rmeasu res   wh ich  were modeled are  d e s c r i b e d   i n  
t h i s   s e c t i o n .   T h e s e   i n c l u d e  two a e r o n a u t i c a l   c o u n t e r m e a s u r e s ,  two o p e r a t i o n a l  
c o u n t e r m e a s u r e s ,  two  land-use   countermeasures ,   and   one   combined   aeronaut ica l l  
o p e r a t i o n a l   c o u n t e r m e a s u r e .  

The f i r s t   n o i s e   a b a t e m e n t   s c e n a r i o   t o   b e   c o n s i d e r e d   c o n s i s t e d   o f   t r e a t i n g  
the   eng ines   o f   na r row-body  j e t  t r a n s p o r t s   w i t h   s o u n d   a b s o r b i n g  material  (SAM 
t r e a t m e n t ) .   T h i s   c o u n t e r m e a s u r e  was   imp lemen ted   by   r ep lac ing   t he   s t anda rd  
727, 7 3 7 ,  DC-9, 707,  and DC-8 n o i s e   c u r v e s   w h i c h  r e s i d e  i n   t h e   d a t a   b a s e   o f  
t h e  ALAMO n o i s e   p r e d i c t i o n   s u b p r o g r a m   w i t h   r e s i d e n t   n o i s e   c u r v e s   d e s c r i b i n g  
SAM-treated  engines .  I t  s h o u l d   b e   n o t e d   t h a t   a s   o l d e r ,   n o i s y   a i r c r a f t  a re  
r e t i r e d   f r o m   t h e   f l e e t ,   t h e   f l e e t   m i x   w h i c h   e v o l v e s  w i l l  c o n t a i n  a p r o g r e s -  
s i v e l y   l a r g e r   f r a c t i o n  of a i r c r a f t   w h i c h  are  p o w e r e d   b y   q u i e t e r   e n g i n e s ,   a n d  
t h e   a t t r a c t i v e n e s s   o f   t h i s   e n g i n e   m o d i f i c a t i o n   a l t e r n a t i v e  w i l l ,  t h e r e f o r e ,  
d i m i n i s h   w i t h  time. It is  i n t e r e s t i n g ,   n o n e t h e l e s s d o   c o m p a r e   t h i s   s o u r c e -  
n o i s e   c o u n t e r m e a s u r e   w i t h   o p e r a t i o n a l   a n d   l a n d - u s e   a l t e r n a t i v e s .  

T h e   s e c o n d   s c e n a r i o   c o n s i s t e d   o f   d i v e r t i n g  a l l  g e n e r a l   a v i a t i o n   a i r c r a f t  
t o   a l t e r n a t e   a i r p o r t s .   W h i l e  i t  is r e c o g n i z e d  t h a t   s u c h  a pol icy   would   be  
i m p r a c t i c a l   t o   i m p l e m e n t ,  i t  is n o n e t h e l e s s   o f  i n t e r e s t   t o  assess t h e  r e l a t ive  
c o n t r i b u t i o n   o f   g e n e r a l   a v i a t i o n   o p e r a t i o n s  t o  t h e   t o t a l   a i r p o r t   n o i s e   i m p a c t .  

A n i g h t   c u r f e w  was mode led ,   i n   wh ich  a l l  o f   t h e   o p e r a t i o n s   s c h e d u l e d  
a f t e r  10  p.m. were r e s c h e d u l e d   b e f o r e  10 p.m. T h i s  case was r u n  a second 
t ime,  w i t h   t h e   n i g h t   c u r f e w   a p p l i e d   o n l y   t o   s c h e d u l e d   o p e r a t i o n s .  

I n   t h e   f o u r t h   s c e n a r i o ,  a l l  a i r c r a f t  were modeled as l a n d i n g   f u r t h e r  down 
t h e   r u n w a y   t h a n   i n   t h e   b a s e l i n e  case,  i n  w h i c h   t h e   l a n d i n g   t h r e s h o l d  was 
modeled a t  1 0 0 0   f e e t   f r o m   t h e   e n d   o f   t h e   r u n w a y .   T h i s   d i s p l a c e d   t h r e s h o l d  
c o u n t e r m e a s u r e  is o f   p a r t i c u l a r   i n t e r e s t   s i n c e  i t  h a s   i n   f a c t   b e e n   i m p l e m e n t e d  
a t  JFK I n t e r n a t i o n a l   A i r p o r t   f o r   C o n c o r d e  SST a p p r o a c h e s .  Two t lhreshold  
d i s p l a c e m e n t s  were mode led ,   1000   f ee t   and   2000   f ee t .  

Two l and-use   coun te rmeasu res  were m o d e l e d :   v a c a t i n g   t h e   7 5  L c o n t o u r  

a n d   i n s u l a t i n g  a l l  homes i n s i d e   t h e  65 L c o n t o u r   t o   p r o v i d e   t h e   e q u i v a l e n t  

of  a 6 dB r e d u c t i o n   i n   n o i s e  l e v e l .  I n   t h e   f i r s t   l a n d - u s e   s c e n a r i o ,  a l l  
r e s i d e n t s   i n s i d e   t h e   7 5  L c o n t o u r  were presumed t o   b e   r e l o c a t e d   c o m p l e t e l y  

o u t s i d e   o f   t h e   a i r p o r t   c o m m u n i t y   a n d  were n e g l e c t e d   i n   t h e   e n s u i n g   f r a c t i o n a l  
i m p a c t   c a l c u l a t i o n s .   I n   t h e   s e c o n d   l a n d - u s e   s c e n a r i o ,  6 dB w e r e  s u b t r a c t e d  

dn 

dn  

dn  
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f rom a l l  t h e   c o n t o u r   v a l u e s   i n s i d e   t h e  65 dB c o n t o u r   p r i o r   t o   p e r f o r m i n g  the 
f r a c t i o n a l   i m p a c t   c a l c u l a t i o n s .  

The f i n a l   c o u n t e r m e a s u r e   t o   b e   m o d e l e d   c o n s i s t e d   o f  a c o m b i n a t i o n  of two 
of t h e   c o u n t e r m e a s u r e s   p r e v i o u s l y   d e s c r i b e d .   T h i s  case modeled  both a n i g h t  
cur few  and  a l l  narrow-body j e t  t r a n s p o r t s   t r e a t e d   w i t h   s o u n d   a b s o r b i n g  material, 

B e s i d e s   t h e   s e v e n   n o i s e   a b a t e m e n t   c o u n t e r m e a s u r e s   d e s c r i b e d   a b o v e ,   o n e  
a d d i t i o n a l   c a s e  was r u n   w h i c h ,   w h i l e   n o t  a c o u n t e r m e a s u r e   o p t i o n ,  is of 
i n t e r e s t   n o n e t h e l e s s .   I n   t h i s   c a s e ,  a l l  o p e r a t i o n s   w e r e   d o u b l e d   i n   o r d e r   t o  
a s s e s s   t h e   n o i s e   i m p a c t   w h i c h   s u c h   a n   i n c r e a s e   i n   o p e r a t i o n s   m i g h t   h a v e ,  
assuming  no  change i n  t h e   p o p u l a t i o n   d i s t r i b u t i o n   m o d e l e d   i n   t h e   b a s e l i n e  case. 

N o i s e   E f f e c t   o f   A l t e r n a t i v e   A i r p o r t  Community S c e n a r i o s  

The  number  of  community r e s i d e n t s   p r e d i c t e d   t o   b e   h i g h l y   a n n o y e d  w a s  
c a l c u l a t e d   f o r   e a c h   o f   t h e   a l t e r n a t i v e   a i r p o r t   c o m m u n i t y   s c e n a r i o s   d e s c r i b e d  
i n   t h e   p r e v i o u s   s e c t i o n ,   a n d   c o m p a r e d   w i t h   t h e   n u m b e r   p r e d i c t e d   t o   b e   h i g h l y  
a n n o y e d   u n d e r   t h e   c u r r e n t   s c e n a r i o .   T h e   p e r c e n t a g e   r e d u c t i o n   i n   p o p u l a t i o n  
h ighly   annoyed was t h e n   c a l c u l a t e d   i n   o r d e r   t o   a s s e s s   t h e   r e l a t i v e   e f f e c t i v e -  
n e s s  o f   e a c h   o f   t h e   h y p o t h e t i c a l   n o i s e   a b a t e m e n t   c o u n t e r m e a s u r e s .   T h e s e  
c a l c u l a t i o n s  were p e r f o r m e d   f o r   e a c h   o f   t h e   e i g h t   c o m p a s s   r o s e   o c t a n t s   a r o u n d  
t h e   a i r p o r t ,  as w e l l  as fo r   t he   communi ty  as  a who le ,   and   t he  r e s u l t s  are 
p r e s e n t e d   i n   f i g u r e s  11 t o  18  and  summarized i n   T a b l e  I .  

TABLE I .-  IMPACT COUNTEWfEASURE EFFECTIVENESS 

COUNTERMEASURE REDUCTION I N  
ANNOYED POPULATION "_ ____- 

SAM Eng ine   T rea tmen t  4 3% 
Curfew - A l l  O p e r a t i o n s  30% 
Curfew - S c h e d u l e d   O p e r a t i o n s  29% 
House   T rea tmen t   In s ide  65 L 2 6% 

Vacate 75 L Contour 4% 
dn 

dn 
Ban A l l  G / A  O p e r a t i o n s  
1000 F t .   D i s p l a c e d   L a n d i n g  
2000 F t .  Disp laced   Landing  
SAM + Curfew 

2% 
2% 
1% 
68% 

The   mos t   e f f ec t ive   i nd iv idua l   coun te rmeasu re   mode led  was t o  t r ea t  t h e  
a i r c r a f t  e n g i n e s   w i t h   s o u n d   a b s o r b i n g  mater ia l .  A 4 3  p e r c e n t   r e d u c t i o n   i n  
popu la t ion   h igh ly   annoyed  i s  p r e d i c t e d .   N e x t   i n   p r e d i c t e d   e f f e c t i v e n e s s  i s  t o  
impose a n i g h t   c u r f e w  so t h a t  a l l  o p e r a t i o n s   a f t e r  10 p.m. are  r e s c h e d u l e d  
f o r   b e f o r e  10 p.m. T h i s   n o i s e   a b a t e m e n t   s t r a t e g y  i s  p r e d i c t e d   t o   r e s u l t   i n  
a 30 p e r c e n t   r e d u c t i o n   i n   h i g h l y   a n n o y e d   p o p u l a t i o n .   R e s t r i c t i n g   t h e   c u r f e w  
t o   s c h e d u l e d  j e t  t r a n s p o r t   o p e r a t i o n s  was f o u n d  t o   b e   a l m o s t  a s  e f f e c t i v e ,  
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w i t h  a 29 p e r c e n t   r e d u c t i o n   i n   t h e   m o s t   s e v e r e l y   i m p a c t e d   r e s i d e n t s .   T r e a t i n g  
h o u s e s   i n s i d e   t h e   e x i s t i n g  65 L c o n t o u r   w i t h   s u f f i c i e n t   n o i s e   i n s u l a t i o n   t o  

r e s u l t   i n   a n   e f f e c t i v e  L r e d u c t i o n   o f  6 dB i s  p r e d i c t e d   t o  cause a 26 p e r c e n t  

r e d u c t i o n   i n   h i g h l y   a n n o y e d   p o p u l a t i o n .  T h e   r e m a i n i n g   i n d i v i d u a l   c o u n t e r -  
m e a s u r e s , b a n n i n g  G / A  o p e r a t i o n s ,   u s i n g   d i s p l a c e d   l a n d i n g   t h r e s h o l d s ,   a n d  
r e l o c a t i n g   r e s i d e n t s  who l i v e  i n s i d e   t h e  75 L c o n t o u r ,  were f o u n d   t o   h a v e  a 

r e l a t i v e l y  small (1 p e r c e n t   t o  4 p e r c e n t )   e f f e c t  on t h e  number  of h i g h l y  
a n n o y e d   r e s i d e n t s .  When t h e  t w o   m o s t   e f f e c t i v e   c o u n t e r m e a s u r e s  (SAM e n g i n e  
t r e a t m e n t   a n d   n i g h t   c u r f e w )  were c o m b i n e d ,   t h e   r e d u c t i o n   i n   h i g h l y   a n n o y e d  
p o p u l a t i o n  was  found t o   b e   6 8   p e r c e n t ,   c o m p a r e d   w i t h  4 3  p e r c e n t   a n d  30 p e r c e n t  
r e s p e c t i v e l y ,   f o r   t h e  two c o u n t e r m e a s u r e s   a p p l i e d   s e p a r a t e l y .  

dn 

dn 

dn  

The d a t a   i n   T a b l e  I r e f e r   t o   t h e   e f f e c t s   o f   v a r i o u s   c o u n t e r m e a s u r e s   o n   t h e  
a i r p o r t   c o m m u n i t y  as a w h o l e ,   w h i l e   f i g u r e s  11 t o  18 i n d i c a t e d ,   i n   a d d i t i o n ,   t h e  
i m p a c t   i n   e a c h  of  t h e   o c t a n t s   s u r r o u n d i n g   t h e   a i r p o r t .  I t  i s  i n t e r e s t i n g   t o  
n o t e   t h a t   t h e r e  i s  a r e l a t i v e l y  w i d e  v a r i a t i o n   i n   t h e   d e g r e e   o f   r e l i e f   a s s o c i -  
a t e d   w i t h   e a c h   c o u n t e r m e a s u r e   f r o m   o c t a n t   t o   o c t a n t .   F o r   e x a m p l e ,   w h i l e  
p r o v i d i n g   a c o u s t i c   i n s u l a t i o n   f o r  homes i n s i d e   t h e  65 L c o n t o u r  is p r e d i c t e d  

t o   r e s u l t   i n  a c o m m u n i t y - w i d e   r e d u c t i o n   i n   n o i s e   i m p a c t  of  26 p e r c e n t ,   t h e  
n o i s e   i m p a c t   r e d u c t i o n  i s  p r e d i c t e d   t o   v a r y   f r o m  as l i t t l e  a s  10 p e r c e n t   t o  
t h e   s o u t h - s o u t h w e s t   o f   t h e   a i r p o r t ,   t o   a s  much a s  38 p e r c e n t   t o   t h e   n o r t h -  
n o r t h w e s t .   T h e s e   d i f f e r e n c e s   i n   t h e   d e g r e e   o f   i m p a c t   r e d u c t i o n   a c h i e v a b l e  i n  
d i f f e r e n t  areas o f   t h e  same a i r p o r t  community a r e   a t t r i b u t e d   t o   t h e   n o n u n i f o r m  
n a t u r e   o f   b o t h   t h e   n o i s e   a n d   p o p u l a t i o n   d i s t r i b u t i o n s .  Such d i f f e r e n c e s  i n  
impact  by a r e a   w i t h i n   t h e  community a r e  e s p e c i a l l y  i n t e r e s t i n g   f o r   c o u n t e r -  
m e a s u r e s   s u c h   a s   i n s u l a t i n g   h o m e s ,   w h i c h   c a n   b e   c a r r i e d   o u t   i n   s e l e c t e d  
ne ighborhoods  when l i m i t e d   n o i s e   a b a t e m e n t   r e s o u r c e s   p r e c l u d e   a p p l y i n g   t h e  
c o u n t e r m e a s u r e   t o   t h e   a i r p o r t  community as  a whole.  

dn 

I n   a d d i t i o n   t o   i n v e s t i g a t i n g   p o t e n t i a l   n o i s e   a b a t e m e n t   c o u n t e r m e a s u r e s ,  
t h e   n o i s e   i m p a c t  of d o u b l i n g   t h e  n u m b e r   o f   o p e r a t i o n s   w a s   a l s o   c a l c u l a t e d  
( f i g .   1 8 ) .   N o i s e   i m p a c t  i s  n o t  a l i n e a r   f u n c t i o n   o f   t h e  n u m b e r   o f   f l i g h t  
o p e r a t i o n s ,   s i n c e   d o u b l i n g   a l l   o p e r a t i o n s   i n c r e a s e d   t h e   n o i s e  i m p a c t  by a 
f a c t o r   o f   o n l y  1 . 5 .  

CONCLUDING REMARKS 

T h e   n o i s e   i m p a c t   o f   c u r r e n t   f l i g h t   o p e r a t i o n s   h a s   b e e n   m o d e l e d   f o r  a 
m a j o r   a i r p o r t   u s i n g   t h e   F r a c t i o n a l   I m p a c t   M e t h o d ,   a n d   p r e d i c t i o n s   o f   t h e   n u m b e r  
o f   r e s i d e n t s   h i g h l y   a n n o y e d   w i t h   a i r c r a € t   n o i s e   h a v e   b e e n  made based  on a 
r e c e n t l y - d e v e l o p e d   p s y c h o p h y s i c a l   r e l a t i o n s h i p   b e t w e e n   n o i s e   l e v e l   a n d  human 
s u b j e c t i v e   r e s p o n s e   t o   n o i s e .  A n u m b e r   o f   a e r o n a u t i c a l ,   o p e r a t i o n a l ,   a n d   l a n d -  
u s e   n o i s e   i m p a c t   c o u n t e r m e a s u r e s  were a l s o   m o d e l e d   t o  assess t h e i r   r e l a t i v e  
e f f e c t i v e n e s s   i n   r e d u c i n g   t h e   c u r r e n t   n o i s e   i m p a c t .  

S o u r c e   n o i s e   r e d u c t i o n  w a s  f o u n d   t o   b e   t h e   m o s t   e f f e c t i v e   n o i s e   i m p a c t  
c o u n t e r m e a s u r e  ( 4 3  p e r c e n t   r e d u c t i o n   i n   h i g h l y   a n n o y e d   p o p u l a t i o n ) ,   w h i l e  
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b a n n i n g   n i g h t   f l i g h t s   a n d   i n s u l a t i n g  homes i n s i d e   t h e  65 L c o n t o u r  were a l s o  

f o u n d   t o   b e   e f f e c t i v e   ( 3 0   p e r c e n t   a n d  26 p e r c e n t   r e d u c t i o n   i n   h i g h l y   a n n o y e d  
p o p u l a t i o n ,   r e s p e c t i v e l y ) .   O t h e r   c o u n t e r m e a s u r e s ,   s u c h  as d i s p l a c e d   l a n d i n g  
t h r e s h o l d s ,   d i v e r t i n g  G / A  a i r c r a f t ,   a n d   r e l o c a t i n g   r e s i d e n t s  who l i v e   i n s i d e  
t h e  7 5  Ldn c o n t o u r ,  were f o u n d   t o   h a v e  a small  ( l e s s   t h a n  4 p e r c e n t )   e f f e c t  

o n   t h e   n u m b e r   o f   h i g h l y   a n n o y e d   a i r p o r t   c o m m u n i t y   r e s i d e n t s .   D o u b l i n g   t h e  
number   o f   ope ra t ions  w a s  f o u n d   t o   i n c r e a s e   t h e   n o i s e   i m p a c t  by a f a c t o r   o f   1 . 5 .  

dn 

The r e s u l t s   o b t a i n e d   f o r   t h i s   a i r p o r t   i l l u s t r a t e   t h e   p o t e n t i a l   e f f e c t i v e -  
n e s s  of  v a r i o u s   a e r o n a u t i c a l ,   o p e r a t i o n a l ,   a n d   l a n d - u s e   n o i s e - i m p a c t  
c o u n t e r m e a s u r e s   w h i c h   m i g h t   b e   a p p l i e d   t o  a commercial  j e t  a i r p o r t .  The 
s p e c i f i c  r e s u l t s  r e p o r t e d   h e r e   a p p l y   o n l y   t o   t h e   a i r p o r t   w h i c h  was s e l e c t e d  
€ o r   a n a l y s i s ;   o t h e r   a i r p o r t s ,   w i t h   d i f f e r e n t   n o i s e   a n d   p o p u l a t i o n   d i s t r i b u t i o n s ,  
may y i e l d   d i f f e r e n t  r e s u l t s .  I n  p a r t i c u l a r ,   t h e   r a n k   o r d e r i n g   o f   c o u n t e r -  
measu res  by e f f e c t i v e n e s s  may v a r y   f r o m   a i r p o r t   t o   a i r p o r t ,   a n d   g e n e r a l  
c o n c l u s i o n s   a b o u t   t h e   r e l a t i v e   e f f e c t i v e n e s s   o f  a p a r t i c u l a r   c o u n t e r m e a s u r e  
m u s t  be   p receded   by  an  a n a l y s i s   o f   m o r e   a i r p o r t s .  The ALAMO community  response 
model  used i n   t h e   p r e s e n t   s t u d y  w a s  d e s i g n e d   t o   f a c i l i t a t e   s u c h   a n   a n a l y s i s  
and   p rov ides  a t o o l   € o r   s t u d y i n g   t h e   n o i s e   e f f e c t s   a s s o c i a t e d   w i t h  a wide  
v a r i e t y   o f   a c t u a l   o r   h y p o t h e t i c a l   o p e r a t i n g   s c e n a r i o s  on a s i t e - s p e c i f i c  
a i r p o r t  community b a s i s .  

L a n g l e y   R e s e a r c h   C e n t e r  
N a t i o n a l   A e r o n a u t i c s   a n d   S p a c e   A d m i n i s t r a t i o n  
Hampton, VA 23665 
A p r i l  2 4 ,  1981 
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Figure 17.- Effect of sound-absorbing  material 
plus  night  curfew. 
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